The Seamless World: A Spatial Model of International Specialization by Paul Krugman & Anthony J. Venables
CLcqW ucJnqu © uocc ACU o rpc orac
uoo ceccq iMo bz. I.bp2 urnXpcdnocq MUOL cxbJ!cu bcLw!a!ou bLoAJqcq jrnr pjj
© j pA ij iciwcu uq VuWouA 1 JUPJ2 vu 'i.ir 2POU CCJOU2 O
jJJOC O IJJC WPOU9J BIaCn O COUOUJIC gc2cgLcJr
uq iuwou uq IucwJcur vuA ob!u!ou cxbi.cq mc tpoc o pc nipoi uq uo










IHE 2EV'WE22 1O!TD: V
IABEK ROIflUI4O BYBEK 2EB1E2flI4ILED K114'IODON
uq I4BEK rouqou 1ACV VE
IJ0UI CV E1O ll00P10U 2P.GCI
2W1°1q flUTACL2T1? r'ouqou cpooj Oj ECOUOUJIC2
DCb1W1CIU 0j EC0U0W!C CbIW1JCU1 0 ECOU0UJTC
b! KLI1Ufl11J VIJIJJOIJXI AC11PIC2
u urjApcrj vbbixnicp oLU9JJX 2flC21C p1oJorC9j COUICXI pX ypi jnuu?
1U1U1CWpJC Pf'I /AG LG JG 10 1J C0u2qcLvpjG 1U2jJ1 1J7IDf1JJ C0WllJff1j0U 0j 2piJflpi101J2guq
10WCL1!0IJ uuq 2JOUJCL10W O' UJJ31 CXbCCI 2IICJJ V woqcj 10 G VUVJAPCVfl?
OLUG2 !12G! 1010 Ufl2P4ffJ Vuq V14Cr1JWL9J O1JG2 GCVn2G O IJICIGIJ2JOIJG1/ACGU OLCG2 o
2bVCC !2 U21GVq 922flUJC 10 C COU1jIJflOf12 uq !" /AJJ!C!J rpa II2CUJJG22 MoLJq, 2bOUW1JGOf12J?
LG!OU2 thpCp VLG IJJGUJ2CJAC2 UJGIJ2OUJG22 bo!u jy,c qcAcJobwoqcj ! cpccouowic
MGVLI VJJ WOqGJ2 0 IjJG !IJIGUJVPOIJVJ CCOIIOW?t V22fIWC flJVI asq WJCG2 bJVcc PGIMCGIJ UV1OU2 01.




iRE 2EVWFE22 RtO!FD V 2bVJJVr'
Vn121
]4BEB!AOLIU bVL Oviodi  3bffti  snoiismini  ob  01  iqm3fls  its  ai  qsq  aiciT 
.a3ninuo3  uIifl0LIfl3m  iUOffflW 
lsrrl3lx3  isdi  ugis  ol  nommoo  3mod  asul  ii  ats  1cr333i  nI 
tio)  13v31  LSflOilI3fI  5  REfIl  I3r1151  1630!  £  IS  31ff13q0  a3imono33 
oimono30  ni  125191ni  3(1  £  ot  b3!  asfI  IsrIl  noiisvado  its  (OQQ1 
.(IQQI  nsmgirtX)  aitho3LiI  3bsii  IsnorjsIrl3I  norns  c1qsog 
123u2  01  2(11332  1i1uor1j  b  3(11  airll  noiwf3n03  1s3io1  21i  ol  n1sT 
lo  a)!nifIi  3no  rt3IfIw  ni  231m0n033  IsnOllsnl3Ini  01  r!3soIqqs  its 
bits  2noiis3o1  3151321b  as  (16(11  r11st  hua  s  no  asts  as  ahinuo3 
23dn323b  isril  3bs11  1sdo!  ol  d3solqqs  "vio3di  b1311"  s  iqobs  01  23111 
1no  nsrli  c1isi  33s1tua  isrli  aaois  asivisa  bits  aboo  lo  awoll  ifs 
nO  .abiod  b3llso  ani!  visiiiths  aao  oi  n3qqsrl  IsfIl  awofi  odJ 
d  b31515q32  n3ilo  316  af10r31  31ffl0fl033  331136Iq  (1115(11  limbs  ir1irn 
isi11  oa!s  bits  anst  nisinuom  bits  2it5330  as  rbua  aiinsd  lsiuisn 
113V3  awofl  3b511  iol  153b  1s31  £  -i3llsm  01  is3qqs  al3blod  Isnoilsn 
euoivdo  ama  Ii  a3!3dt3noi4  .wol  315  al3Frlsd  3b511  Ismiol  n3dw 
lo  I3bom  )hsmdon3ct  Ii  las3I  Is  3vsrl  01  1u132u  3d  bluow  Ii  isdi 
(13111w  iii  no  bhow  "aa3Ims32"  s  ni  3bsll  bits  noiissi[6i33q2 
rl3irfw  --  2noi5i  3imono33  (13V3  bits  boiocti  315  a3nsbnuod  isnoilsn 
315  --  alnioq  116(11  1311151  ab3  su1  (111w  adold  3d  ilsoiq1  111w 
.31(16  x  b3nul3b  ff6111  1311151  b3ri32do 
bhow  lo  aI3bom  Ismiol  ns  lo  sws  v3wod  1on  3153W 
isili  noitqmuaas  3(11  (111w  sws  ob  Isill  3b511  bits  noi1sithi33qa 
3i51321b  3i&  anoi1sn  illiw  b3ffiin3bi  31s  3fb  ion  1013(113(1W  anoi3i 
I Isdoig  lo  fl13ffl3  3(13  no  how  nwo  mo  ni  n3vH  .2inioq 
231dsn3V  bns  nsmui){  (Q1)  23Idsn3V)  noiissiIsi33q2 
(131(1w  (11  213b0m  noii-owi  no  b3w3o1  3vs11  w  (nimo3litio1 
--  ion  i  m3lii  nirtiiw  3bsli  luct  Iisoa  i  noii  1i  nwi3d  3bsli 
inioq  b3niI3b  (12uon3ox3  s  aflOi31  b3  (I323131  3V5(1  3W  21  isth 
mono  bhow  3(11  111  nb1i  qu  bn3  noii  323(13  3101  3(1311  (133 
1w  tuocis  13i2m  0(1  321UO3  lo  i  313dT  .2uonobrr3  i 
10  2(11131  111  )IflifIi  03  1115i3U131  (133d  3vsf1  sianoorli  31)511  Isnoiisnl3ini 
03  a1.sqqs  bhow  s  113u2  gnul3bom  ic1gia  32111  Is  :bhow  2231(11532  £ 
norjs3ol-331111  £  lls  1311A  .l1u3i11ib  1soincfi  nilnusb  lo  Aasi  S  3d 
£  j3bom  noilsool-owi  £  nsdi  x3lqmoo  5rom  151  ai  l3bom 
S  aozoqqua  3(10  131u2  ;lIria  x3lqmoo  3zom  I3bOffl  norisool-iuol 
lo  iodmuri  otrnñni  115  S2  03  21  (131(1W  335q2  W0Ufl13fl03  (111W  I3bom 
.31(1533513(11  1311in3  3d  111w  anoiisoo1 
aill  15(11  woifa  3W  isqsq  airfi  nI  ion  3dsm  nis3s  n3rfl  lufi 
luods  anorijuini  15313  13nianq1ua  3ffl02  nsg  01  3ldiaaoq 
323(11  1beilimbA  .bhow  2231m532  s  ni  3b511  bris  noilsi1si33q2 
ni  jobom  oimsnb  bi1la  1dgi(1  s  lo  3W  3(11  no  bn3q3b  211u231 
rfiod  luods  anonqmuaas  313211531n1J  !3m3x1x3  sAsm  3W  (131(1w 
atrli  (111131W  n3vI  .3b511  iol  a3vflom  d1  bns  '1qsio  1sIuisn 
ifl3iX3  31d513b12n03  £  03  131  01  bi1do  315  3W  $IOW3fflSlI  b3s.i112 
31S  3W  .a3lqmsx3  Ison3mun  rbool-(1gi(1  no  ai  isdi  --  noilsiumia  no 
113V3  bns  anoilslumia  323(11  liiods  noiliulm  qol3v3b  03  31(15  13v3wod 
ns  molt  ai(1iani  gniau  a11u231  13iF1flS  lo  13(11(111(1  s  3Vfl3b 23imsn'b  di  lo  2iIsn  3ks13  2'nhuT  RBIA  :331uo2  b3i33qx3nu 
rfi  isrli  s&i  r1i  noiifl31  nO  .(Q1  rthuT)  2i23n3ofkpom  lo 
3d  idim  23imono  bits  3o1oid  ni  31u131r112  Isiisq2  10  2niho 
ns  iii  ;dibns1iuo  isrli  ma  ion  (5ffl  21001  tslimi2  gni2IJ  b3si1sns 
no1  ,  "vsw  nhuT"  uboiini  oi  2i  13q5q  21111  lo  oqiuq  sno  3aS3 
2oimono  3di  01  o1oid  Ls31i31o3111  ni  114331103  isilimsl  s 
.((nimo3r11io1)  nsmiri){  ni  noi22uo2ib  3111  oaIfi  .31U1518111 
3iasd  8(11  luo  2s1  I  jq  .2Disq  3viI  ni  i  n3r11  qsq  2irlT 
1sothIsns  2'I3S  8111  lo  w3irnvo  8vrflulni  its  2i311o  bits  a1qnoo 
nlrl-tIoft2  won  2wonfa  bits  j3born  8th  iuo  2s1  iis'1  .li3solqqs 
bits  nolisIuml2  r1ijoin11  2Wof12  r15  .b3utiffllel3b  21  mundiliup3 
bhow  £  won  2no1i51umi2  odt  lo  nolisistqi3lni  1soii(1snE  ifs  (13(11 
(i2omIs)  i  lsrIi  iivii3s  3imono  lo  noiludni2ib  Isijini  its  ilhiw 
oini  1Iii  81511n313Thb  1zu03ftsin0q2  1153  335142  220135  miolinu 
fliW01  won  23dfl323b  .2noig1  Ismilu3rigs  bits  Isni2ubnl 
01  2b581  mono  bhow  b1ui31rIia  S  113u2  lo  r10iiS3ifl1 
31111311112  Is3ic1qso3  r11i2ix3  3111  1131(1W  15  23111014  , 
"2110fl53w11d" 
tIS1  11sni1  .23V10V3  3IU131fli2  wn  s  bits  31d512nu  23m033d 
.113163251  18f11IUI  iol  2noL1z3g1J2  213110  bits  211u23I  3111  s.hsmmu2 
fl3solqqs  3viilJifll  nA 
.  I 
ii  02  ob  isdi  2l3qsq  flS  lo  SISWE  ion  315  3W  (l3UOfftlA 
iii  3b511  bhow  lo  l3bom  £  qol3vsb  01  b1swiobf1is1i2  3d  bluow 
.83sq2  220135  (1th00m2  b3flSV  3SiflSVbS  3vIislsqmoo  113111w lo  muunrlrioo  £  (13111w  ni  l3bom  nsibisi$1  £  3lqmsx3  iol  3rIismI 
rkiclw  ni  bits  i11uo  01(11-ion  moil  8niI  s  ni  b'gns  i  noits3o1 
s  rnw  iii  iodsl  lo  iivii3ubrnq  3vi15131  3111  31o13t3th  bits  33sm  113 
n3dT  .3buiiisI  cijiw  (1rboom2  hsv  nott3ubcnq  1&3dw  01  b3oqqo 
3111  itI  muhdiliup3  d3idW  RI  I3bom  £  3vsil  131sib3mmi  bluow  3110 
isbnuod  3111  lo  2m131  ru  lo  ii1uoi1i  3d  bluoo  mono  bhow 
3(11  lo  2frn3l  ni  itsili  r1izi  25315  rnw  bits  15311w  n33wi3d 
bhow  idi  lo  mini  01  lsiuisn  3d  bluow  1!  .aaoilsn  10  noiissiIsi33qa 
131110  3d1  bits  15311w  niauboiq  ito  noi-i  owl  lo  dHJai2nO3  s 
2uonobfl3  3d  bluow  2n0ii  nh  nowi3d  visbnuod  3(11  lud  3niw 
(13soIqqs  21111  oqiuq  3mo  ioI  .33nlsvbs  nI  b3ili33q2  rIsril  t311lsl 
3vilslsqmoa  ;1uI3u  voiq  113w  ir1im  bliow  1mse  £  ffu13bom  01 
.3b5fl  bhow  10  iom  2q51113q  rbum  anrsIqx3  11112  3gsinsvbs 
iii  Aiow  in33i  bits  vtoeill  noii&)oI  Isnoilibsil  iliod  I3v3woH 
233n313IIib  ln3l3cIni  sws  3U22S  ¶(llsI3n3  dqffig03  31ffl011033 
ni  noiisi1si33q2  I6nox51  nisfqx3  b53l2ni  bits  2noils3o1  n33wl3d 
rnulliw  rnsmi  111w  3W  .imono33  Lsn-i31x3  lo  bnbl  302  lo  2m1 
oimono33  ibiriw  ni  bhow  £  l3bOm  03  vii  will  bits  noiiibst1  isdI 
.wO3rIsinIOq2  15IIifl3  21  2(10115301  f10f11fi  fIOLtshifi3l3IIib 
£  b33ubolini  3W  (nimo3ifr1o1)  281dsn3V  bits  nsmui)I  a! 
b3m  15111  231moff  033  Isrri3lX3  rn13bom  lo  SW  isluoittsq 
3W  .23u22i  1S31dqSo3g  Hiods  flD1fluf11  01  b3iHJe  113W  hshIJ311l6q 
owl  n33w13d  b3is3olls  3d  lwm  iodsl  IroiIs3ol  f1a  iii  isili  b3muzas 
32IJ533d)  2fr1u13I  nias3133b  2s1  todsl  313(1w  3tu11u3ns  :toi 10  nitinoo  ioi  nhui3s1unsm  s  bris  (iIqqu2  brrsl  b3iimiI  lo 
fli2S3I3fl!  filiW  b33ubolq  113133  2i31Jborq  b3isuin3l3llib  nsm 
jsffj  b3muas  3w  3imonoo3  Ism3x3  3i13513  oi  13b10  nI  .rnui3i 
&  olni  iuqni  3isibsmI3ini  s  boii  5113  thoo  bswi3r1IJnEm 
313w  w  , 
I3bom  noiisool-owi  sb  ix3trloo  fli  nI  .noi3Jibmq  'mffiO 
2uo3nstnoq  s  oiiboiq  bIuo3  qu13  ir1i  IsIli  work  oi  31c113 
no  rijiw  noiisoI  3rft  r1w13d  31o  lo  noilsiinsr3Thb 
no  b3istln3ono3  tho  3db  31111w  nnui3s1unsm  no  nis1in33no3 
iucl  $iow3msll  1KI3n3  3111132  3fb  iqobs  3w  iqsq  thU  nI  .51ui1u3ns 
io  (2noiislumi2  r1i  ni)  l3dmun  gts1  £  1111w  bhow  £  3fligSmi  won 
on  ii  I3bom  10  qi  ifli  nI  .anoil&o1  lo  (s1d31s  3f11  ni)  muuniino3 
3W  13f1iS1  2flOi31  itliw  21101113301  VhuIl3bi  oi  32n32  23)15111  13no1 
Iliw  2noits3ol  disn  lo  aquoi  113db  a3iIqmi  I3bom  3111  isfli  bnil 
323111  11133  3W  bns  31u11u3nE  10  nhuios1unsm  no  is1inno3 
10  nnui3s1unsm  noliEin3no  3imono33  bo  23flO  b3gb3-u1 
.2fl01g31  IRlUiIlJ3flgS 
bus!  91d1315  bus  iodsl  11  lod  113111w  ui  bhow  ii  n1i  3111sfflI 
noIis3oI  ibs  ui  iodsJ  .2nois3o1  nsm  noms  b3bivib  1ff3v3  3113 
bsiulosbunsm  uboiq  01  to  bnsl  3111  *10w  01  13(11i3  b32u  3d  1153 
2i  nnuj3sbunsm  isili  3fli5ffli  3W  I3bom  2uoivsiq  iuo  ui  zs  ;thoo 
bo  us30d  bns  mill  311110  13V31  3111  is  amuis!  fl1aS313fl1  01  1331du2 
'2131110  113133  01111  2iuqni  213  2b00  b31IJ13.SIUflSm  lo  3211  3111 
513111  isdi  oqqu  oals  9W  .vIl2ubni  3(1110  13v31  3111  is  noi3ubmq 
21  bhow  £  113112  nI  .2boo  b3liJi3sIunsm  nInoq2ns1i  bo  21203  3113 iii  boIqm  iodsl  10  floLt3ZlI  3f13  rfw  (102531  (IS  313th 
cenous3oI  22013S  1SV  if1im  flfl1J13S1UflSffl 
sis  enoilsool  ils  rloicfw  ni  muFIdiliup3  as  hE313  ci  318(1  T 
b3o1qm3  33101  *10W  eth  10  818(12  8(11  (131(1W  iii  ei  isth  --  183i1n8b1 
isH  3(11  ich  ilso  zu  iJ  .3flw(r3v8  8(1152  8th  2  nhu33s1uasm  ni 
eieix3  esw1s  muhdilillp8  this  isR  8th  811(1W  .muhdiliup3  rlns3 
02  Ii  nithIJt13q  nismi  r1w  oe  oT  .31(1512  3d  ion  vsm  ii  13v3wod 
220135  (1if1i12  23fl8V  nnuios1unsm  ni  10(151  lo  518(12  lailini  8th  lsrfi 
3(1102  ni)  boothodr1i3n  320(1w  (T  Isool  s  l3blenoo  bns  qsoebns1  3(11 
orli  ascii  gnhuioslunsm  biswoi  b3in3ho  310ffl  tsrlwsmoe  21  (3en32 
(11  33s1q  £  3d  01  1110  ff1111  (18(11113W  sm  nocisool  £  f13U  .8513VS 
ieii1  .2(102531  owl  101  31dsffi0Iq  (llSi30q28  21  nnuios1unsai  (131(1W 
eoiuioslunsm  olni  iuqni  as  sis  eboo  b3luiosIunsm  3211533(1 
b3in3rio-nnu13s1unsm  d  bobnuomia  Ci  isth  noilsool  £  no.iioubrnq 
;ion  21  1SII1  3(10  (i&11  13)hsm  18gid  £  01  223335  3VS(1  Iliw  enofl.sool 
noilouboiq  LshiCubni  3)18cc!  01  b1131  111w  "3E)1nu1  bisw)1osd"  21(11 
eiuqni  3(11  lo  iiIids1isvs  di  mii  811152  8th  is  baA  .3IdSlftOlq  313(11 
Isool  3BIuO3fl3  ocis  Iliw  ClOllJi3SlIJnBrn  d1s3n  d  b3bivolq 
1o  sobi  8th  01  ebnoqe3Tloo  ibiulw  133113  as  --  noilouboiq  1sn1ubni 
"3S)1nu1  bisvriol" 
320(1w  noitsool  £  01  3213V31  at  1qqs  Iliw  2333119  32311T 
)1351  3(11  :3s13vs  nsrli  b81n8ho-nhui3s1unsm  223121  boothodcti3n 
13(110  d  b3oubolq  etuqnz  3(11  01  10  213)hsm  03  1311113  228335  boos  lo 
3S(13  01  3351q  3vIi3SIflsnIJ  ifs  ii  3)lsm  01  bn8i  Iliw  213111i38111fl5m .gfui3thunEm  ni 
ii  ni  iivfl3  3v1os1flS  ns  3d  03  bnt  111w  nnui3s1unsm  o 
ifs  b  in3ho-nhu31unsrn  bst1s  ai  isril  boothodffgi3n 
i  ii  513ff  w  thnsqx3  nnui3äIunsm  II  Jon  al  isth  3f10  fli  'i1V1i3E 
233n313Thb  r1i  31dsifto1qrw  i  ti  swrfw  aisiinoo  bns  3ldsliIrnq 
ti  i  isffT  .3mii  i3vo  woi  oi  bn3i  11kw  aboothodr1i3n  noms 
rtoig31  3nlu33ttunsm  oini  11ii  3Jnsg1o  1wo3nstnoq  111w  bhow 
i1  bo1qm  83101  iodsl  8th  10  315(12  gis1  s  rliiw  2boothodr1i3n  -- 
£  1131w  thoothoddi3n  --  noi3i  ts1ui1u3ns  bns  --  231u1351Un5m 
.bo1qm3  o  518112  IIsm2 
noisi  gnhui3slunsm  id  won  iuods  niniins  sz  w  nsD 
35(11  3U1fi  ft1im  3w  132ooJ  3d  111w  y3di  won  bns  d  111w 
c13u2  n83wiod  noiist&p2  bns  lo  12  1s3iq1  £  3d  01  bn3i  iliw  313(13 
IsIui1u3ns  all  id  ooi  ai  noisi  nFwi3s1unsm  £  IL  .2flOi31 
001  3d  Iliw  al3misI  8th  lo  moa  ai  isdi)  3g181  ooi  3d  111w  bnsh3iniff 
003  ai  flOi31  gnrlui3slunsm  £  Ii  (lhsm  1U132u  £  3d  03  insiaib 
03  in3bflIu2nli  3d  111w  asAni1  blswl3sd  bns  biswio1  3113  llsma 
003  315  anOig3l  nnuiothunsm  owl  Ii  aiuoo  10  bnA  .thwoi  all  b31 
f13s3  iididni  111w  10  313ffl  01  bn3l  1311313  iliw  3fil  13r1j3oi  32013 
3d  'sm  Ii  31111w  o  .bnsh3inint  3(1152  8th  iol  ni3qmo3  d  13(110 
3m033d  2fI0i31  (13111w  1f13b1335  183fl0321(1  10  l3flsm  £  11orlw 
Is  3d  bluo(1a  2nOi31  323(11  10  flj352  bus  12  3(13  bxi1shtaubni 
3(11  1o  21333rn.slsq  gnPh3bnu  3(11  d  b3nlml3l3b  lfIjJ01  3as81 
.'mono33 
V 8
(20 fps IocPou i ucx 10 jocspou j)fG1w pG rp 2p5LG o
jocsrlou2 (ipci.c j..urnApc s s ouc jijcc2) susAcq Tu S C!LCJG
2nbbo2c 1PGIJ IJJSI MG !WSUG S MOLJ COU2!21U 0 H
SLJcdnijipunufz.sipct 1p9u si ipe jour urn cdrt!Jrpunuv
1G GSLJA 2WG2 IU MIJICP IJJGMOLJqCAOJAG2 SMSA FLOW IJJG E!1
LSflJGL IJJSU 112 COUCjfl2iOU TU OflL CS2G 1J12 WG9U2 1JIS1MGJOOJ( SI
couq jflUU 4Cn22G OU 1G 1U1115110U 0 CGJI qcLcuIS1ou
GCOIJOUJ? Hi MJJJCJJ I20flLCG2 SLG J2IUPfUG GAGIJJA SLonUq S CJLCJG
COIUGXI 1JJ12 WGSU2 S22flWU 1SI IJJG MoLJq 2 S flLSCGI1SCJC4I
O CGJ2 --I1J9I2 S ouc-qwcu2ouSj 2A21GW MYIJi U0 cuq2 lu OfiL
2A21GW JjtuIJ S22flWG IJJSI IJ2WOqGJGWPLAO couarcq o s uu
E!LI MG UGG 10 !WbO2G S 2bGCJUC G0WG1L)14 OU OflL 2b51!sJ
JJJG jpuu SbbLoscp !UAOJAG2 IMO WS!U 2!Wb!111C5P0U2
!U1CWPIG
5u5JA212 01 S UOUJ!UGSL 2A2IGW IPSI 2GGW2 Sf U121 2Jpf pObcJG22JA
UJSJCG fI2G Oj 12 G LGUJSLJCSpJG MSA JU Mp!Cp jnuu 2UJbjJjGq IPG
C0UIGXI uq HI suA CS2G uccq UOf COIJCGUI fl2 PGLG MIJI MG CSIJ
WGCPSIJ!2UJ2 pc qc2cqpcq SLG 21flJ flU2fl21SUfSfG !U IPG!L 0L!UffJ
¶IJGLGU1 bSLI2 0 S qcAGJobw cuipAo Jpc 2bGCJfjc cpGuJJcSJ
Lonb 0 iuipsjjA qG1JiCSJ CGJJ2 pGCOWG q1GLcUIJsIcq JUIO IpG
2 bSbcL M52 couccuicq M!fp c bLOCG22 pA MP!CP
bsbcL OU UJ0Lbp0GUG2!2
sqObI 911 SbbLOSCJJ 2I1G2IG ph V1U JJIL!U !U 12 JSuqw9qc
MGCSU 0MGAGL pc Wf1C WOLG 2bGCIUC 111511 1P12 i MGf1j  lo  noliB3iIqmi  34T  .in3mo1qm3  a'  noij3oI  ni  nhui3s1unsm 
£  ai  m  f13S3  lo  3f1ff3  lo  si  3ift  lsdi  ai  blol  laul  3vSfI  3W  iOi2 
lo  1no  bn)  231s112  in3fno1qm3  I&ioi1so1  lo  Iolo8v  311110  noi3nul 
ns  is  bhow  fb  lo  3351a  3di  23dn323b  11u1  ii  nia  Ioiv  lsrIi 
3luioIJlia  310(1w  8th  no  bnsq3b  floII3fluI  isril  lo  alisi3b  31IT  .(inslani 
noilsupo  miol  bs3ub3l  £  3nismi  1qmia  fl53  w  tud  ;I3bom  3111  lo 
rrnol  rti  lo  n  sa  1o  noriuIOv3  3(11  iol 
(1)  = 
ii  ,113W  cm  10  noiiulov3  3(11  iol  nolislJp3  3fli  ai  iIW 
noiisool  r13s3  lo  3101  3(11  diiw  iud  fIo1i3flhJ1  3m.sa  341  23VIOVfli 
:1181  3(11  01  q3ia  3fl0  b3vom 
() 
.  = 
.313113  3111  bnuois  hs1imia  bns 
rllisH  isR  3(11  bnuois  m3ia2  oimsnb  aicfi  3sn53n11  woT4 
nhui3s1unsm  1o  anolisiv3b  lo  io1v  3(11  3d  'm  iJ  .mundiliup3 
lo  a3imsnb  3111  (13(11  m  a3u1sv  (1fl&  tSR  113111  malt  in3u1PO1qm3 
£  aS  b3dn3a3b  3d  ,sm  dtisa  isH  3(1110  1ith3iv  3111  (11  l3bom  3(11 
miol  3(11  1o  m3ia\a 
()  = 
.xhism  T4  d  M  as  ai  A  313(1W 
AooI  01  ai  m3iaa  ls3nil  S  ibua  31snS  aaw1s  8(10  SW  311T nhuT  .a3uIsvni3  b3ith3o2  li3di  bitE  A  lo  21oi33vn8J3  8th  iol 
3flu1qmi  iEftt  3llJi3ifli2  Isi33q  fi  sri  A  isdi  iuo  binioq  rnv3wod 
noiiBup3  owl  3r1i  nishni1  d  ;()  briE  (1)  l3bi2rloD  .As1  irh 
isdi  nm  isdi  tufi  .A  lo  wm  owl  igifi  3d1  i  w  =  rn  bnuois 
8iiO  bs1q2ib  iud  wot  321i1  sill  as  sms  sill  i  A  lo  wm  bnos  sth 
01  biluOlE  bsqqsiw  lnsmsls  tasi  3(11  (111w  briE)  irlh  sill  01  rioitsol 
nmuIo3  bns  i  woi  ni  A  lo  lcismsls  sill  ntsth  llisntsD  .(inoiI  sdl 
21  xsbni  sth  Ii  isth  booi2lsbnu  i  Ii  518(1w  s  nsithw  sd  (153 
3I33  E  asil  A  biow  isnilo  nil  .sulsv  ii  oi  bsbbs  i  14  viisn 
.51U13LJ112 
ioiosvnsgi3  sth  131n12no3  ol  u  2wolls  51u131r112  2ifIT 
isill  soqqu  .liass 
(t)  = 
ISfit  smiias  SW  brts  3(10211(11(11  lo  loot  stsup  3(1121131311W  1  ifs  tol 
3(11  231121152  ii  Ii  10133v113g13  (IS  21  2iIIT  .i33ifii  ns  i  7r\M4) 
j4..  I  =  1  (1353  tol  noiisijps  gniwollol 
()  '4t  = 
fIiftST1E3M  .sUISVnsIs  3(11  21  A  sisdw 
()  A  =  (-t)4n 
01 as  23n113b  bbni  (I)  o  i  wrn  Us  o1  noilsup3  3m.sE  3(11  i  thiT 
.()  d  rivi  21  3U1SVf13i3  3(13  1)  lo  3tJISV  113S3  iol  10333Vfi3i3 
31E  rloirfw  23113m313  asri  (4')  ni  b3nfl3b  1Oivni3  311T 
33(112  T3v3woH  zl3dmun  1531  115(13  13(1351  x3lqmo3 
(V)  ()aoa  =  + 
bns 
(8)  (x)nia  =  (' 
— 
bns  3(112  3Iqmia  olni  b3Idm32asPJl  3d  ns  a1o333vn3i3  x3lqmo3  adi 
ni  noilsuloufl  lsbioaunia  ns  abiow  13(110  nI  .avsw  3(11203 
110113511  1333rn  as  21  r11n318vsw  320(1w  1n3mso1qm3  nhu3Iunsm 
(131w  ,1oi33vn313  us  3d  Iliw  ffl0flO33  3(13  lo  33115131fnu3113  3(1310 
.d1n313vsw  isili  no  1no  ebn3q3b  lsrli  3u1svn8i3  us 
3vErl  nh1J33s1unEm  111  anoLtsui3uR  Isbioaunia  (13112  iufl 
23fl32  I3fluOI  £  25  '111  10133V  343  in32iq3i  (153  3(10  :333q2.s  13(130116 
\J4  j4  21fin3I3vsw  (111w  avsw  3111203  bus  3111210  1fl1J2  £  as  ai  Isdi 
,43  i&Ii  ai  b3ishianom3b  32111  3vs(1  3W  isliW  .no  oa  bus  F\M 
.aio333vn3i3  oals  315  noiisin3a1q31  l3huoq  lsdi  lo  23fl3fl0qm03 
muhdiIiIJp3  r1tid  isFI  rit  153(1  ffl0fl033  3f11  lo  noiiulov3  3(13  ut1T 
ln3bn3q3bni  bus  1311s15q  3(13  as  b33n3231q31  3d  i11  ni  uso 
3113  (13111w  lo  rbso  ni  23imono  wobsda  lo  332  £  lo  noifuIov3 
3(112  1S1iJ31  \1i33h3q  S  21  in3m(o1qm3  nhui3s1unsm  lo  noi3iisv 
.3VSW 
I! vod  i1oof  b3dn3b  eoiq  111  lo  lriirfi  won  n  3W 
bs1  noiiiinsho  gnhui3EIIJnsm  III  2nOllsrIEv  Isilini  if1i12  113111W  iii 
LBTuiIu3ngs  bns  nhui3s1unm  01111  Ibzii  3i1151O  01  'fftoflo33  8th 
bns  11  os1q  81si  ffiw  noiisinsgro-I182  (13112  :182io31q  910m  2noi5I 
31m6fpb  8th  lo  a1oivni3  IsbioziJni2  8(11  10  3110  12531  Is  Ii  1no 
lsth  10  2noiisui3ufl  113111  ob  1111  .3u1svn3W8  3vdJzoq  £  2511  m3i2\2 
.noijsijn318Thb  1snoist  ni3uboIq  smil  iovo  woig  111w  thn313vsw 
fligfr3I3vsw  3110  nstli  810ffl  10  €31J1svns18  8th  Ii  1&IW 
r1tisH  1s11  3111  01  f11J0f13  32013  11512  3W  II  V3viii2oq  315  fIOliSUl3Ufl 
23mo33d  noi1jdh12ib  nhu1s1unsm  lo  223f1fl3V3flU  3111  3(1111  3111  d 
2511  no!lsuI3ufl  18V3f13i(1W  (d  b3ififfifflOb  311  111w  11  b1ism 
123lS1  3(11  (111w  (1ifl313VSW  8th  d  i  Isdi  --  Ibiqsi  j2om 
315  tIsqs  isi  WOfI  noi123IJp  8th  01  13W2115  3fIT  .31J15Vf13i3 
nibnfl  d  bsI3W2ns  510181811121  8d  01  13)!1I  2fI0i51  f1niJi3s1UfISm 
.filfl313VSW  "bOTI3I3lq"  zifIl 
21111  ni  2noiflbno3  Isilini  lo  3101  3111  SW  3111  d  33ii0frI 
21313ms15q  8th  d  b3niml3l3b  21  th3n3bvsw  bon3131q  8f1T  .2iIsns 
2flO131  nhut31unsrn  10  nisqe  bits  1311mm  8th  211111  ;l3bOm  8th  10 
Isijini  3111  zs  no1  2noiiibno3  Isijini  no  bn3q3b  Ion  Iliw 
lo  noifljdhj2ib  Isilini  311T  .jsfl  (1in3i3fl1u2  2!  noliudhl2ib 
noitsui3ufl  3di  lo  32sfIg  8th  3niml8bb  13v3woli  11iw  nhubs1unsm 
2(10115301  3fli30q2  113111w  211111  bits  r1In313vsw  bsrI3I3lq  isdi  Is 
.b311srti2ubnx  omo33d 
s  lo  33fl313ffl3  3(11  luods  !nirli  01  n311j  31di22oq  2111 lo  diwoi  3111  10  aml3i  iii  mono  bhow  b3lui3uitz  ILsitsqa 
3111  (Ii  33Bq  220135  aflOiiSIJi3IJfl  t1ui  ,  "avsw  nhuT" 
s  ai11o  rf  soiqqs  thu  3!ufW  .tn3m(o1qm3  lo  315112  gnhui3slunsm 
uaai  x3lqmo3  1nimsa  s  luods  nbIniiii  lo  sw  3IqffllE  Ini1ris1a 
.ariorisiimil  rnsrioqmi  Owl  asil  ii  13V3WOf1 
mono  bhow  s  lo  noilulov3  3(11  ibiano  3W  li  fl3V3  1an1 
nnuT  diis  iaR  3111  01  noiismixrnqqs  32013  s  moil  211512  isrIl 
.no1isxinsIo-113a  lo  boFl3q  lsiiirii  3111  01  1no  a3Jlqqs  aia1sns  3VSW 
13  a3m033d  nhuis1unsm  lo  noiiudhiaib  3111  as  no  isJ 
23mo33d  m3iaa  oimsnb  3(11  10  ihs3nh1non  3(11  fl3V3flU 
lo  3lui3iq  boos  £  2U  3Vi  ionns3  aia1sns  nhuT  oa  ;3ldsbiovsnu 
rnui  taum  3w  23sia  is1  323(13  i1sns  oT  .11si3rIt  afl3qqsfI  is(1w 
.abodi3m  Ison3mun  01 
niAas  lo  32k3  3(11  iuo  risa  03  hJI3au  ai  ii  &iilw  bno 
moil  sws  gni3vib  d  31ui3u1i2  Isilsqa  S  29v10v3  monoo  (15  WOfI 
.ioiair1  211011113fl  s  11s3  if1irn  w  isriw  hs3b  ai  aidi  r1tis  isH  3rD 
lo  fl3133  3(11  sa  1o  noiqh3a3b  bsd  s  ion  ai  ii  2qsth3 
3(11  ni  a13in  nhu3s1unsm  as  IatI  rrir1iion  bns  a13bns1I 
3luioulia  L6iisqa  3v1aa333u2  (1353  flO  113(11  moil  iua  .a3A  3lbbiM 
otni  b3luioIrIia  bs311B  asw  isril  monoo  ifS  moll  b313m3 
aia1sns  nhiiT  ffL6S  33(10  iscIi  oa  2noi51  nimis1  bits  Ishiaubni 
.bilsv  ino1  on  ai 
3imono33  lo  23imsnb  3(13  isrIl  ans3m  aifli  tn3ix3  moa  oT 
nmsb  3(10  laur  as  iotaicf  10  itoiiin1tb  a'bioq  vyi3H  311  r1qsto siom  moe  i3  01  81d5  3d  i3v3wo11  sm  3W  ."l3rflonE  1311s  nfli 
auoifli3fl  313211531  3iom  Iidi1a  in31311ib  s  ninigsmi  d  idiani 
s  asd  bss,1s  i&li  mono3  na  illiw  usia  3w  iolid  airli  nI  .vioiarl 
(1341  3W  .2fl0i31  IffuJiIu3nL  bits  nhul1unsm  lo  J13u112  is!u5t 
01  ni23t3ifli  2i  ii  1s!IJ31t1sq  111  --  a1313ms1sq  211  3ftSf13  11subsi 
niwoi  ol  rribs!  JISI  21203  rIoq2rI11  Ii  an3qqsff  lsilw  3IoIqx3 
its  zi  3253  aidi  111  n3qqsd  ol  2iqx3  no  isrIW  .rtoiizttni  bhow 
23mo33d  3m131r112  lsiiini  1i  lnioq  moa  is  :noiJE3lIñid  15111r13v3 
91ui31nia  wn  s  01  norJiansii  £  23)1501  niono  di  bits  3lds12nu 
nhul3s1un&n  lo  dmun  (l3lLsrna  1dsmua31q)  1n313Thb  s  (111w 
iriul  (Ii  31U1311112  21(11  aa33o1q  3(11  E3urniflo3  (13(11  3(10  II  .2fl0i5I 
2U011113fl  x3lq(n03  510(11  21111  31111W  .no  oa  bits  23aqs11oz)  11suin3v3 
audi  f1E3  bits  noilsoftilqmia  nhuT  riiau  bolssil  3d  ionns3  violai(1 
IsIu3thEq  s  1no  niwollo1  d  anoiis1umia  Liv  1no  bsIoIqx3  3d 
3d  sm  3W  m3laa  3(11  lo  £rtdiliup3  3Idiaaoq  nsm  3(11  r1uoir1i  disq 
.qmswa  3imonoxsl  s  oini  lb  nn3bnsw  biovs  01  31dB 
51001  1ti3d  lijofiliw  13  1153  SW  as  isi  as  luods  ai  aidT 
bits  lnsmlsla  3111  01  3X311  (flul  51015131113W  .alisbb  3(11  lijods  3ffi33q2 
.monos  bhow  311110  Isbom  Isllsqa  sb  noiiuloa 
IsbomisfInolA 
ni  isdi  01  bsislsi  S132o13  2i  Isbom  auil  10  31u13u112  SilT 
30152  3(11  lo  3w  23)15111  bits  nimoo(1tio1)  231dsn3V  bits  nsmin)( 
sii1ii-iixiU  10  noiisnidmo  3111  rnv1ovrn  2A3nJ  1531r111331  lo  atioe 
M D(Le2) i JJC (2po1.cLj) q9uCC LOW z. o onuqqic
jj.qc C0212 9I.G JJCIOJ.C IJ CXbOUGIJIT9'J flUCpOU O qi2IJCG MCLC
? ) ()
LOWL J OLCL p91 OUC rruu 9LUAC2 91 2 12 qcuocq (L2) suq 1ACU
WCJi2 IMA 10 IISU2W JJJC UIIWpCL Oj flU12 p91 W112( pC 2pthbcq
0!CGPCL P3U2bOi491iOIJ C0212 --JJ91!2 12CPOU o ruA 2pibwcIU
91 L 12 b(i) 2P!bWCUI2 O w9UncwLcq OOq2 9LC 2flp1GC1 O
qc1cuinucq uq qcuocq u(L) JJJC bLoqnccL b4cc cpcq pA ULUJ2
qcu2uA) O JLW2 ObCISpU 91 JOOU L 2 cuqocuor12jA
COWbGIUJAG 2GCOL JU MpICp qJc UfIW€L (oi WOLC ouiisjjA fG
jUfl1Cff1UU 12 22flW 10 pC UJOUObOJ12flCJJA
ucnjnwj onibnt
LC2bccmcJA cp joc1ou csu bLoqncc pop w uncciuu 91J
qi2fupncq ffLonuq fl191 C!LCIIWjCLCUCC MflJ qCU211!c2 r 91J K
IMO !10100P1JC COL2 --MOLJCCL2uq j9uq --9LCrnjqouiijA
00 1PG C1LCPWGLCUCC 0j CILCIC !iqJO2C I.qffl2 MC UOUJJ9J1C 10 3f
JC COU21CL MOLJ Hi MIJ!CII COIIOIJJ!C CAJfA 9jcc2 bjccc
JJCLCOLC C pUCj Hi C2CUPJU !12 OUJJ9J 2iLflCWLC
UfILCq iu WUA LGCCUj bbcL2 'U ccouowic coisbjA MG MIJJ
wOuOboj!C cowbciipou q !CCPCL 1LU2bO14 CO2f IJJ91 AGV 2IIJJC ULW ill jocnou I. JJ92 bLOj12 1ACU pA:
=b(.)0' ()
bLOqnCGq lu L X(I.)e 12
jiucrsnu sLOnuq qJc CiLCjc qJc ioij qcwuqOLbLoqncf
= (II)
2 x(i.a) ia:
c(a)qicUqcwuqlua JOL 2wJc A9ucA bLoqnccq IU I. 9Uq aojq lu
A9uc1A ucxbcuqIlnLcou w9un9cfruu iii JOC9IJOU 2 12 qcuorcq
q1jcLcUp9pou oj qna bucc luqex Mp Lcabccl o qic bucc o ipe
qcLcuq9ou curnuq pL ccp A9ucjA 12 qcuAcq pA b914w1
MCLC B !2 9 couai9ue 9uq Q (>j) 12 9 wc92nLC o bi.oqnc
=2(2\)]( Q)t (10)
. +g
bLoqncfaanbbjicq LOW 9JJ 2OflLCC2 91 JOC9POU I. 1 WJ(C2 fiJe oLw:
buce iuqcx d ju ccp jocpou ipe bucc luqex !a qcjjucq OACI.
wbnr jpa cjjnuciouw9A pc 1cbLc2cu1cq JuqILccqA pA ci
nacqpoqi9 couanwbqou ooq 9uq9u ilucLwcqisrc
9LC9tG M9 CE2 jJIUCUOU 10 AcJq 9 UJ9UUj9CIflLC2 cowboaiic
MC M!JJ 92211WC JJ91 cqIJGLCU W9UflI9CWLC ooqa csu pe
C!LCffuJGLCuCC O IJJC CILCJC= J. (Ia)
O JLW O IV9T
qouc pA c =J\Qjc2flWGiuWuWuGOf1 cup) uq cxrl
EJLW2 ffL 2CJCq ncp ip IJJCA GUJ CLO bLoU 9T C I 1P' !
=( _h)s(.) + (11)
bucci
J\Q CJJOO2C (IUU2 O WG2uUWCIU 2ftC IIJI Q =Q-j 20pf
O qcuuq Q JU1I2 UJLJC ith bcc OACL wiuj co pA we
cboqncci o su iuqiqnsj ooq CC2 u cjpcA
pA weci owo, cdn ou (Ø)
bLoqnc Mpc!.c ic anwcivcc c bbLobutcJA ccq
MOL2 ccp uu nc po jpoL uq jjAL!G2o, Juqn2lLwJ
SfC suq d(L) c bucc iuqcx o iucuiJcqwc ju oipcL
!UCLWl!c2 j-tuqcLc2bcqAcjAm(L) 12 pc wuncwuu
JIucLuJcqwlc 00q2 MUJJ !IJbIU LcclrnLcwcIu2 o jpoi. uq
jpc ,ubni xcq coG WcJCULCCo jpon 9uq
iubni LGcIIIILGWGUj oj, u uq couwui wLnJJ jubru Ledrr!LGuJGIU
cuu i LCAGUflC uq weecouqco MG
(fl)
jj()= — [(j —h)m(.) + hcX(%.)] [x +.iodsl  10  iinu  (-1)  thnnm3b  fnlfl  11353  31s3  ir1i  Is  nis13qO 
3101313111  1  1  noiIs3oI  is  in3m(oIqm3  gnhuioslirnsM 
(M)  =  ()' 
.thtW  t  itw*K 
2!  311B13fflUfl  25  3200113  3W  ff3IfIW  iuqiuO  IsluiIu3ngA 
1s1ui1u3ns  3111  (10115301  f1353  IA  .3Ids3bzti  1223Ii2o3  b3m1Js 
rliiw  mods1  bits  brisl  ni  2sIguoU-ddoD  2i  noii3nul  noiiouboiq 
llstoi302  lud  3lidomini  ll  dqsigoo  w  aihoW  .(v  515112  uiodsl 
(3uLsv)  3111  2fi  n3vig  ai  (i)"w  sw  LsiuiIu3hgs  3111  02  3!idom 
s1LJ1Iu3fls  ni  luodsi  10  i3ubolq  Isriigtsm 
(VI)  =  (i)w 
bnil  (1533W  2bflsm3b  13fflU2fl03  bits  Isib3rrr13ini  nithdmoD 
gnnu13s1unsm  rIO  31u1!bn3qX3 
['((i)t—  X)1'  A  +  (i)  (1)c(J1 
—  1)]y  +  (i)  (i)  ii  =  (i) 
(81) 
131(1112(103  bno  3111  bits  bnsm3b  31  beml3in!  2i  m131  12111  811T 
01  3(1103111  113111  lo  noltloqolq  £  3iOV3b  213m112floD  .31u11bfl3qx3 
ni  fl3vi  21  31(10311!  Istol  bits  2iaubo1q  b3isuinsi3Thb  no  stuiibn3qx3 
3(1103111  21  m131  12111  3111  2i3A351d  8(11  fllIIiiW  ;213A3s1d  3151JP2  3111 
mooni  Isiol  21  bno  3111  bits  in3mo1qm3  nrIui3s1unsm  rnoil 
.31UIIU3fl3S  (Ii  b31s13fl3 
81 I3isib3mmi  3vom  monoe  di  isdi  rüoqqua  nsdi  1is5I 
eidi  isrit  ni2oqqu  d  231msn1b  uboiith  w  muhdiliup3  Hilt  £01 
nnui3sIunsm  n33v/13d  iodsl  jo  no  Is3oILc3I  1o  2oIq  1subst  £ 
i&Ii  8mU22.S  3w  1Is3fiio3q  .5ruiIuongs  bris 
(QI) 
—  (i)u]8  =  (i) 
£  nivsd  s  smono  di  10  Anidi  w  ndi  insiani  ns  tA 
noiiS3oI  ds  is  gnhuJ3sIunsm  01  iodsI  10  noiis3olls  b3nirfri3i3b3lq 
.mundiliup3  nui-iior1  s  i  noiis3olls  2icti  01  riibnoqa3rIoD  .(i)m 
@1)  1)  (4I)  1)  (O1)  noi1sup3  (i)m  lo  231J16V  fl3Vi  ioI 
(i)n  i)w  i)x  i)q  (i)p1o  uIsv  muhdith.1p3  3V!  (81)  bns  (VI) 
.(1)3  bns  (i)'w 
Iii  33512  visnoilsia  s  zs  muridiliup3  niri  gnol  3cIfbb  3W  II 
S  113112  113111  fI!f151I3  13flOI  Ofl  2i  iotfsl  10  f1013S3011.S  3(11  ft3IIlW 
Is-iuhIlJ3ns  bns  nhuias1urtsm  is11i  23liup5I  muhdiliup3  rnri-noI 
thisd  is!I  3(11  21  muhdiliup3  niri  noI  rbu2  3(10  .Isup3  3d  23SW 
3ES3  2UIt  (Ii  15113  (13112  2111111  3200113  3W 
I  =  ()c  =  (i)u  =  (i)  =  (i)t 
(  )  .(L—I)\I  =  (c)  =  (.)t 
A  bits  J  fl  2111512110310  siodo  3tthqmqqs  d  b0v311135  od  (153  2iItT 
.(xibrr3qqs  3(11  11!  fl3Vig  315  23U1SV) 
21111  iloirlw  d  E23301  3(11  3loIqx3  01  21  q312  1x3fl  iu0 
Q1 .muridiliup3  rltrsd  IsP!  sdi  moil  sws  gI3vib  (mono33 
31LJ13L11J2  15115q2  lo  33fl313ffl3  311T 
01  1qmi  i  I3bom  ict1  lo  2oirnsrnb  edi  5roIqx3  01  sw  3n0 
iodsl  lo  noi1solls  Isitini  ns  oqmi  i3I3msisq  lo  132  5  3U22S 
s  no  I3bom  r11  nm  bns  3lul3sIunsm  bns  51ul1u3F1s  n33wl3d 
*row  01  3aoqwq  noiislumi2  ioI  vis333n  32iU03  lo  i  II)  .isluqmo3 
.(3sq2  wounutrmo3  nsth  i3thsi  enoi1so1  3l31eib  lo  idmun  £  dliw 
2loIq  31ui1  11T  .rnrr  1s3iqi  s  10  211u251  3111  wor1e  I  5uJi1 
3111  no)  noitsxoI  rbs  Is  ln3mo1qm3  iii  nhu1os1unsm  10  5isrIa  3111 
04  1111w  bhow  s  13bino3  sW  .9mii  lo  nofl3nul  £  s  (ixs  !531t!3V 
311T  .(1  noiIs3oI  ol  lx3n  2i  0t  noilso1  Isril  bnicn  iii  isd)  anoi1so1 
lusH  1s1L  3111  01  32013  iv  noili2oq  s  zsw  nm  ii1i  ioI  lmoq  nh1ist2 
1000.0  wlq  3110  01  Isup3  (i)cn  132  3w  (11s3flia3q  .rnundiliup3 
;noiludh1ib  (1  0)T4  its  moil  nwsib  23Idshsv  mobnsi  3mi1 
bits  .0  =  y  Q0  =  =  o  .0  =  i,  uLsv  1s1  1313ms1sq 
3(1  01  3vsrl  15111  2linu  1o  i3dmun  3111  ai  .3.i  3  =  51311w  ô  = 
.noils3oI  Insizib  laom  3111  01  luau  no  lo  3iU332  01  b3qqir1 
1111w  lb  a1-is1  nm  i11l  ni  mono  bhow  3111  f1uof111A 
s  23v10v3  1IsIJ1n8v3  Ii  Isdi  z  3w  8iuloui12  Lsilsq2  on  l2omIs 
bns  1sh1ubni  n33w13d  noilsilr!3i3llib  gnoiIa  £  1111w  31u1ouii 
luo  2fnul  Ii  o21s  i  51u13u112  in3gI3rns  2iflT  .flOi31  Lsiul1u3hs 
b3osq2  'Ifl3V3  31E  fl0i31  ISniaIJbfli  331111  3111  :ia1u3i  13ffl31IX3 
Isijini  dliw  13bom  i111  1o  nmn  b31s3q351  .313113  3111  bnurns idJ  3OlJba!q  I1nsiiano3  nhi  d  nob  Imobni  noi1ibno3 
.rfw  i23u2  bsiLs  toqsq  21111  lo  I  tisq  ni  noiawib  iuO 
c11  mrnl  SEE  33f113vib  3th  iidi  i  I  5wi1  111  nin8qqfI  i  idW 
r1i  d  ;F  \(3n3up511  lo  vw  ahuT  s  d  n3vhb  n3d  i  11r183  1s11 
1i  noiismixolqqB  boos  £  13noI  on  i  Ibom  bxiinil  s  3mii 
sr1  noiJain3ho  nhuios1unsm  flu  &!uoii  bits  2As3q  lo  rri1isq 
lo  noiii2oq  I&u1n3v3  8111  (11  A3o1  01  b83nuonolq  1ifl3!3iT1U2  3(11038(1 
.2noi31  nimis1  bits  Isrtl2ubni 
23imsnb  311110  noilsi3lq131111  2i111  rrnflno3  l3uItIuI  1153  3W 
vsw  gnnuT  £  10  cI1woi  lo  31st  b313ibiq  3111  won  gniwocl2  'd 
d  bdnb  L3bom  3111  l3bi2noD  .3n3up3I1  21i  no  2bn3q3b 
isFi  3111  bnuois  I3bom  ir11  hs3nuI  w  II  .(QI)  -  (01)  2floiisUp3 
:m31a  rnwoIIo1  3111  3  w  mui1diIiup3  nths3 Edfl10U2 (5j) C91J IIJCUGcxbLc22cq 2:
(3)
Th =W' cX =
couu u uq x4 (ipe ijncz o picp LGW9J o pc ocwq) 2fTC
jaWcpuiuic cuqocIJon2 AUJC2b4c uq u ccouq qcuc
rnqn2luffj cwbjoAuicur ffiG 2!wbI!A qicc G ni0u2 iii Mo iA
MJJGLG(121C cJs2flc11) 0 9UCflJU1ISJM9G?M1JJ I.C2bGC110
(J)
j-ft














MJfJJ4sUIIUCCL JJJa CIrnpCa ira o CAJf1C fJJC qcuuc !1JtC.13
= coa() ()
ffcoua iu w1(L) nbboa pcu MG aairwc
jJOMGACL fJJ MC UCG COUCCUJ OIIL2CJAC2 oujA M!1p arunaoJqj
pcac cdnioua qo uoi jooj ACLA ucuqjA MC JCUOM pow Imi j
= - (1)





(J—Q)a' =+ (J—Q){(J—h)a'+5t3f1W 
"  '  '  /  '(0)_f 
(Vi) 
mcnl  (4)H  lo  2noijoniJI  as  b3IIiSidO  3d  won  ns  bns  lo  uIsV 
3(13  iii  n3vi  i  n  iol  noiisup3  ii3iIqx3  its  bits  ()  ftoi1Sup3 
xibnsqqs 
£  b  r1iwoi  10  3151  3(11  ISIlI  ()  norJsIJp3  ni  ws  3W 
isrIl  10  3UISVfl3i3  3(11  E2  01  2i  fl3iffW  -- 
4)  3fl3Up3ñ  lo  noiiSui3ufi 
b32u  3d  fiSO  m131  thIT  [  -  o1  01  !snoifloqrnq  2i  --  1o133vn3i3 
.3n3up311  "b5r13131q"  if1  bnfl  ol 
1313ms1sq  3111  iol  4)  lo  flOli3flUI  S  25  2worI2  311JII 
bits  23131I3up3lI  iol  3vlli2oq  2i  .  I  5I1JiI  3lS13fl3  01  bu 
01  23O  3fl3IJp311  3113  25  3VOdS  moil  013  231135o1qq5  bits  3voc1s 
IsdI  losI  3111  2311nq53  .(II3n  31wp  i  fl3qo1q  2ff13)  1inflni 
nnu1osbjnsm  13dif1  £  sq  gnhuios'tunsm  iom  riliw  2noilsooI 
13Ifii1  £  3Vsfl  (112Ubfl!  tom  thiw  2noilsooI  2i(1i  12n1sgA  .35w 
)  1313m515q  3111  d  b3luiqso  1  133113  2ith  bits  zw  IslulIuoilgs 
iol  3vIriaoq  i  3si  d1wo  dT  .))  ni1  3(11  d  b3tshi2uIIi  bits 
b3133qx3  3d  nso  monoo3  2i111  2w11  ;o  -  ai3n3upei1  lo  2noiisuloufl 
ii1woi  dj  Isili  2wod2  Ii  bnA  .rllisa  1s11  fij  moil  sws  3g13v!b  01 Ififli  nimfftno  wIll  an3up5t1  lo  2noIisui3ufl  iol  1a3f1i11  2i  3tS1 
3(1  no  sa  id1  (ii  31ui3U112  1si1qa  IBILJg81  £  lo  33fl3I3ffl3  3(11 
.vsw  nhuT  s  lo  rt1woi  3111  s  b3t5rqi3ini 
3111  sf1  1lin313vSw  3ifiib3rnl3ini  n  (IW  )Ias  tf1im  3W 
3111  r1w  flDkS  01  in3LsViIJp3  i  113111W  --  3iffI  r1iwo1  i3dif1 
01  boqqo  s  noii  1.srti2ubni  I3nii2ib  1.s13v  2qoI3v3b  fflOflO33 
bsi1s  sw  noiliulni  3Rsd  311T  .noiz13qib  3biw  £101311133  31m  s 
£  gnol  ool)  nois1  Isiiiwbni  ns  1E1  001  :1  Ilsq  ni  n3vi 
001  311(1w  bnBh3ini(1  ni-3o13  rfguon3  8vEd  Ion  11kw  (thn313vsw 
in3i3fl1u  31s13n3  Ion  111w  (f11n313vsw  £  tioik  ooi)  noii  £  118m2 
.23gE)lrnI 
E  ni  bn3q3b  313ffl3  lEnt  noi1  lshl2ubni  lo  l3dmun  3IiT 
wod  wot1  I  3IdET  .I3bom  3111  lo  1313ms1sq  3111  110  sw  31lEm312 
ni  31sib3m131ni  lo  31sf1  3111  rIO  abn3q3b  3n3Up311  b3T13131q  3111 
iol  b3qqi11  iinu)  iao3  floqwEii  lo  13v31  3(11  bnE  flOil3UbOlq 
31dS3  3(11  (11  23IJISV  13g31n1  311T  .(  3311s121b  IE  linu  311010  \(13v113b 
(1if1)  asgs)1n11  no1i2  IB111  3323W  bns  23i3n3Up5I1  b3T13I51q  3111  3V1 
.3n3up3ñ  b3Tr3131q  l3woI  £  3V1  21203  noq2nml  wol  bns  ( 
Is  lo  3u1sv  3(11  vi  31d61  3111  (11  2l3dmun  b313bsid  311T 
l3dmuft  2i11i  Ii  rrnol  2norislIn33noD  .3f13up31I  b3r13131q  3(11 
v13v  asfl  1I2ubni  01  311J11u3flE  ff1011  10(161  lo  13121161111  .)  2b333X3 
IIiw  23E)1flh1  )163W  fl3V3  (13(11  3EW  1Iu11u3i1s  3(11  no  133113  311111 
310111  316  23SW  1611Ji1U3flE  11311w  13V3W0H  .noi1613mo1s  321163 
1silnsladu2  113111  1n3rno1qm3  nhui3s1unsm  01  133q231  illiw  3!1a613 jCqiu fO GMCL 9uq JLCL COUCCUfLOU2
JcqfIcJu Q (wiu bucc coat wqc-nb2) jo p rpc Cjcc1 o
W!p1OLIJiC 112CJ1 U1O 4Cflj1flLj 'uq WUIICUTUU LCOU2
b o 1p!2 boiui MC AC couiqccq oujA OM E1i EUp





















pjC j:LCUG ELGdrrcucIc2 (()
GMCLJLCL COCCIUISP1J1
JOUJCWPOU OCCf1L2 LOU jiUjCC uq JOM 1ISIJ2bOI4CO!AC
IPCLCOLC LCdn!LC 21L0U J!UC SU\OL JOM ( JJJCU
=OOtXJU 1PC CXWbJC2 O UflLC J &uq VJ0mG1.1!0U
JUJJcC2 91.C uccqcq OL pC C!C1JAJ1IC 10 fC bOi1!AC (Lcc9JJ tJJS (iii  23nsf13  won  k  01  nu1131ni  3mm  1  ii  13v3wonf  1hsnibiO 
bns  3bstJ  10  m3flsq  31(1  itLs  111w  imsisq  nh(h3bnu 
nloue  01111  b3lsiln3t3Thb  bLs  21  1&fI  bhow  fi  ni  f10!1fii1Si33q2 
1o  nn3llsq  3(11  01  n3qqsll  111w  lsilw  1s1uoiflEq  nI  .2rfoi31 
113w  1ni213ni  23mod  mono  bhow  3(11  s  1101  11133q2 
V3mul  13V0  b33E13ini 
niwo11o1  343  iuo  niv-no  d  noi13up  2inIl  abbs  m  3W 
11.smz  10  231132  £  111  11203  nOIlEtIOq2nlsn  3111  33LJb31  3W  .in3mFI3qx3 
3vlov3  03  fflOflO33  I3bom  3(13  wolls  3w  q3i2  d  niwo11o1  .2q332 
.q312  tX3n  3113  1s3  113(11  ;sti2  bs332  £  23n135I  ii  !IifllJ 
223U  as3  2m332y2  ini1non  1(liw  isilimsl  21  orlw  3nonA 
s  i33113  111  -- 
21181  3  eA  .ln3mFi3qx3  n  rI3uz  nil  n3qqsrl  ir1im  isniw 
Is  lnioq  £  2311355!  llsuin3v3  I3born  3(11  --  i3118rn2  2i3  bhow  3f13 
Of!  2!  2fl0131  nnu13s1ufIsm  lo  3iu13!rrtz  muhdiliup3  RE  (131(1  W 
nivi  13vsInu  111w  3111331(112  21111113(11  inioq  lsth  IA  .31d532  T8fl01 
3W  2A  .2nOi31  nhu13s1unsm  i3w3I  1(11w  3rn331r!12  W3fl  £  01  3211 
ioI  3212i3q  111w  3111331(132  wsn  21113  21zo3  t1oq2nI1  33ub51  01  3umlnoo 
.no  oa  bns  €qJ311o3  111w  rnui  ni  31(13th  ;3m11  £ 
31u11  .bniil  3W  Isrlw  1i3EX3  bbni  2!  IsdI  biiA 
3(11  1111w  b3ioIrlI2no3)  In3mFrnqx3  its  1t3u2  lo  231  U23i  31(1  232115fflffl112 
3(11  3vi  231111  bilo2  blod  311T  .(1  31Ufi  25  23UISV  l3r3mslsq  3(1152 
j5jq  31(1  moil  gnhIi832  bed31  3d  111w  ls1(i  2313n31Jp3iI  "b3TI313iq" 
nitnioq  2biswnwob  bns  231111  b3fksb  3nlT  .muhdilinp3  d,rts 
£  bits  23203  3!oq2nE11  f1if1  iftiw  nitwi2  lo  2133113  3(13  work  2WOTIS n131Jb5I  13viaa31o1q  bits  stu3tnia  nOi31  nhijios1unsm  11101 
.23203  floqansli 
3(11  (131(1W  15  irnoq  15313r13  £  2i  513113  ll.s1  21203  tIoqansli  aA 
noi31-331r1i  £  oini  232q611o3  31113311132  rIo!  -rIrrni3s1unsm-1uo1 
113111  bits  3lui3ulia  noi31  owl  £  01(11  a3aqshIo3  (13113  2idT  .31111311112 
isili  n3r1i  bnfl  3W  .noisi  3nhut3utunsm  31ni2  £  riliw  bhow  £  olni 
3(11  jsubsi  ai  21313m61sq  nih3bnu  ni  8fl5l13  3(11  Ii  fl3V3 
d  b3sh3islsth  21  sw3inia  lsiisqa  &bhow  8th  lo  noiiulov3 
b3iqIm3irIi  315  1i1idsi2  lo  23(1315112  grioJ  ."muhdililip3  b3sui3nuq" 
.3flS(13  2uounLJno32ib  lo  a3boaiq3  d 
I3bom  3r13  isth  shdiliup3  8th  isth  33011  oals  bluorta  3W 
3113  rliiw  3bi3f11o3  Ion  ob  21203  rIOqansli  33Ub51  sw  as  "aiiaiv" 
6  3101313(11  21  313IiT  .r1tisI  3s1I  s  moil  niiisia  b3nisfls  £hctiliup3 
b3aiasrIqm3  21  airiT  .sndiliup3  lo  31u13u132  3(11  (11  33n3bn3q3b  rtisq 
-3110  3111  (111w  usia  :ablsw)losd  '(loi2iIl  niri  w  Ii  13(flluI 
at  airiT  .  325513111  1tsubsi  bits  muhdiliup3  noi5Iinnu13s1JJnsm 
3(11'  .awOTIs  gniinioq  abiswqu  bits  231111  b3(1asb  3r13  c1  b3izIiaulIi 
stth  03  113(11  bits  owl  03  3(10  moil  2q3ia  afl  23361131  I3boffl 
3ffl52  3(11  35  111330  ion  ob  anoiiiansli  iud  afloi31  nr1u33s1LJnsm 
.rtfqqsh3vo  316  2331161323(11  11s313  lo  213v31 
33133b  8ldsi8biano3  £  aiidirlx3  131)0111  airti  Isili  ,fl3(13  332  3W 
£  moll  no1is1nsgto-113a  lo  ioia  3(13  in  fl3VL  .33n3bn3q3b  thsq  lo 
no  abn3q3b  Ishianbni  3mo33c1  anoris3oI  113111w  bhow  mio1irw-isrt 
monoo  3113  as  aicti  bno3d  lufi  .anornbno3  lthini  3(11  lo  2lisi3b 
8 lo  31ui31ni  Isiisq  3111  lo  iulth1  oi  n3v  3rnii  vo  23v1ov3 
.moif  rno  s11  monoo  dl  31311w  no  bn3q3b  sm  rtoii3uboTq 
3111  b  sr1q  3111  tuods  rtoiismiolni  23vi  .t  3iugi1 
.b3auboi  s  2i2o3  hoqwrIi  s  qolsv8b  isrfi  2noigi  nhu1oitunsm 
noii-ir11  3111  moil  2qoI3vsb  bhow  noii-rthui31unsfn-owi  3flT 
swbim  131110  3111  bns  noiisro1  ms  r1l  is  noi31  no  fIliw  bhow 
-3no  3uIT  .2noi1  nhu1oslunsm  woiviq  3111  lb  owl  nwi3d 
swbim  tino  nnui3s1unsm  ii  sr1  bhow  noiI-nhui3s1unsm 
lb  2flO11  nhui3s1ijnsm  3111  riliw  fLl3313lfIi  f1UOfflIS  fI33wi3cI 
.bhow  noig1  owl  3111 
2flOi2UIOflOD 
wofl  s  1qmi  3bsfl  Isnoiisnini  gnul3bom  10  s3bi  3dT 
io  hinuo3  isrll  noilqmu22s  IsuEu  3111  iuo11iiw  sqsabns1  £  O13S 
rliod  iifl  is  inioq  s  b3in1q31  3d  ffE3  noi5I  12s31  is 
qort  3W  .3IdsiosI1ni  11sii1sns  3d  01  13li1  bris  riibns1iuo 
nb!nidi  isril  3S3  3111  f1DLE(n  fit  b3b3333ue  3vsfl  3w  isrll  l3v3wofI 
bsiq  i  iiv1i3s  113111w  fit  monoo  bhow  s  lo  mii  ni 
ifs  s  ls1  is  3Idsno2s5r  1i33l13q  i  33S  O13S  'k1JOUflltfl03 
L811sq2  s  iltiw  bhow  sd  no  no  bbnI  .3i313x3  1S1J133!I3ifli 
isili  noilqmu2as  Isnoilibsil  3111  nono  Isdolg  3111  lo  I3bom 
Ii  bisvnlws  3111  s  n  3d  1153  zinioq  e3Ino1f13m!b  315  3n1nuo3 
sw  gnull3qmo3  1ls1u3I1lsq  s  &s  (151111311151  411  noilqmuzas  1iftau 
iuo  inui  Ii  bnA  .3bsll  bns  noils3aIsi33q2  lsnoiisfn3im  luods  1n1111  01 diiw  ;Ldsiiini  1Iii1sns  3d  ion  bn  I3born  Isisqa  s  d3u  isth 
b315313  2sbi  moil  qI3li  10  iol  £  bits  l3nJqrno3  3111  moil  q1311  3111115 
noiiiuini  15313  311Up  302  qo!3v3b  ol  3!dkoq  1  ii  ab13i1  rfio  iii 
"2281m592"  £  flI  3v10v3  bits  3I39  231u131n12  !511sq2  won  iuocls 
.bhow 
luods  Anidi  01  sw  3viisnl3ils  its  fl  3U2  01  noiiibbs  nI 
its  lo  nidi3mo2  as  b3v132  asrl  qsq  airli  isrli  3qod  w  bgt1  bhow 
bits  21q33n03  10  231m0no33  IsnoiisfrI3lni  m  au  n1i  iol  in3m32itl3vbs 
I3bom  r1i  it!  .a3imono33  3biziuo  abI3ii  mrnl  b3worlod  2311p1fl(133i 
nlisq  as  am3iaa  isniInon  lo  231u3531  1soiqi  r1ou  13d  b3qol3v3b 
;sw  Isiuisn  \(13V  £  it  iuo  £ildi!iup3  b3isui3nuq  bits  33n3bnpb 
a3imono33  ni  noiiszilqqs  moa  b3vio1  3v511  aiq3ono3  323(11311(1w 
woda  03  Iuhau  ainsa  ii  bits  llsnoias33o  1no  b32u  Ilila  is  di 
3iasd  as  lo  nibnEia13bn1j  3(11  01  nsv131  1iib  10  3d  'Sffl  th  isili 
lo  315  w  bnA  .3bshi  bits  noiissisiqa  !snoiismn3ini  as  ijdua  £ 
noris3llqqs  3Imono33  nu113qmo3  £  bnuol  3vsd  01  bsin1i13b  321U03 
.3luioInia  lsiisqa  lo  anigho  311110  aia1sns  Iuliius3d  a'nhuT  lo 
3vsni  w  isnil  Alow3msll  3113  isili  13v3wof1  1rii  ansmi  II 
3no  wriT  .3ilai!s3lnu  13viaa31gs  21  bsii  bhow  ,dh3a3b  03  b3au 
01  b3bn3ix3  3d  bluo(1a  ii  anoi1iib  1131(1W  fit  worn!  ol  li1  bluow 
.ii1ids3i1qqs  01  132013  isnlw3moa  Ii  9V0(fl 
arli  mail  og  03  ei  3Iqmia  abrnioa  (131(1W  floi2fl3lxS  aftO 
.os1iua  lsnoianamib-owi  £  01  monooa  ")!351133s1"  i1uoiio 
nidins  al  noianaixa  aidi  sii3siq  ni  36113  sua  how  visnimilar41 mod  b!3iup  al8bom  !thisq  Isnoiri&nib-owi  :31qmi  iijd 
bns  Iion3q  bns  iqsq  iiiiw  31snE  ol  shod  flu3flIib  Inhfinoias 
fToiisIumi2  s  ob  01  bben  3m11  rf1)  l8iuqmoo  £  ff0  3isIJJmia  01  (13V3 
ion  ro  ii  1i1  22313r1i3noM  .(sb  01  iunim  moft  og  lias  ns  fin 
01  iflsuloqmi  i  ii  bns  monoo  !snoinmib-9no  B  ni  viI  ion  ob  sw 
.2sAsm  IBIII  33ff3111ib  isilw  wonl 
ni  iimioIinunon  rno  bbs  01  d  bluow  noiw3ix3  dionA 
isth  ugts  or  nshoithh  noms  iisiq  nommo  i  II  .qsbns1  rI1 
31dsivBn  lo  1iIidslisvs  3111  s  rbu2  dqsos  Isiuisn  lo  2133q25 
o  fhiwoig  !iifiiThb  sill  ni  s1o  !5i3tfl3  £  b3'slq  3V511  isvh 
1I31J2  I3bOITl  01  SW  8110  213110  )howsmsñ  2irli  ;2noi31  in5tsilib 
.llsmio1  2133113  "31t(1si53 
01  )howsmsñ  sill  bnslxs  01  Iswisn  sd  bluow  ii  11snH 
10  noiivib  s  1qmiz  ton  21  ssmns  isdw  isili  o  23ni2ubni  s1qii1im 
lud  noisi  nhuI3s1unsm  bits  1s1tJ1lu3ns  oini  bhow  sill 
.ioi3se  nnhJi3s11Jnsm  3111  nidhiw  noiisitsi3oq2 
rfosoiqqs  iuo  10  ri3i1qmi2  Isijini  sill  isili  332  01  2B3  2111 
dtisd  lsII  £  moi1  sgisms  isbio  1s115q2  woil  lo  Ioi2  sill  llthsqzs 
.anoiis3ilqmo3  3i12i[s3I  bbs  sw  2S  slsqiz2ib  bhiup  ns3  mortoos 
1inl  s  isihl  bsiBll2nomsb  asil  !sbom  airti  isrhi  sqod  sw  aas1sdisnoM 




















!WLWGGL2 r uq K spA:
Juu fC /9JncJACuJu (j) cwi 91.c cpocu ncp
jjic EJ E9L1p ccInflp4nw p cuqouonz /9upJc?
ybbcugxu'ii CEbK qiacniou b&bcL uo
/cupJc2 V 1 (!Y£&TITJ1UfTUJ !01!0UO ACU1CJJA
:5
UJOLbpOCUG20 OO%Ct3 Cn O\t oM




!11Gdf1I!t? O UflOU21 tOWC?
icuurnu i uq v1 ACUPJG2 (iooY ,1GIoPvf!ou uq rp
coL!bpA41 owc toos) nuc
LflWIJ b (ii) 1jUCLC2iU LU1UJ2 9uq cCOUOWIC
obiwnw bLoqnc qAc12r2 NUt
DPCU y miq pjiis 1 (J wouobojJ2pc cowbcniiou uq
Jo jag-io.
tOYA jJ(j) EcpuIm.A
11Iucw!ou9J psqc mip jnwbA conup.ic,























































































3 4 2 9 9 8 40fl















cvr22E4 IflU 20 aa
[OCO.ç!0u2
20 20 .XO 80 JOO.IJO 1O
L!dflLG : 1L0U!f!OU
2 JO
0
0
4
C
(0
4